Single Top Production at HERA and THERA 

A.T.ALAN and A.SENOL 

Department of Physics, Faculty of Sciences and Arts, 
Abant Izzet Baysal University, 1^280 Golkoy, Bolu, TURKEY 
(Dated: February 1, 2008) 

Abstract 

We study the single top production mediated by flavor changing neutral current via both of 
the t — q — 7 and t — q — Z vertices (here q represents c and u quarks) in ep collisions at two 
colliders HERA and THERA. Contribution of the second vertex becomes even more important 
as the couplings take more improved values provided by the higher luminosities of colliders. In 
addition to these improvements if the CM energy of the collider is increased, the production will 
be dominated by the anomalous t — q — Z vertex. 
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I. INTRODUCTION 



It is well known that within the Standard Model (SM), single top quark production is 
negligible because of the flavor conservation in the leading order. However in a wide class of 
dynamical models extending the SM this possibility exists due to the large top mass close 
to the electroweak symmetry breaking scale. Flavor Changing Neutral Current (FCNC) 
interactions of top quarks has a particular importance. In these models the top quarks 
is predicted to have significantly large FCNC interactions |T|, [|. Production of single top 
quarks via FCNC vertices was extensively studied at e + e~ |3|, [| and at hadron colliders jS], 
|7J . At HERA, as a lepton-hadron type collider, the same production was first investigated 
in ||. In this reference only the charm distribution in the proton is considered. The HI 
Collaboration searched for the production by considering both of anomalous vertices t — u — 7 
and t — c — 7 from the fact that HERA has much higher sensitivity to n ul than to k C7 , due 
to more favorable parton density ||10|| . 

In this paper we analyze anomalous single top production considering both of the n qi and 
n q z couplings to see especially the contribution of the second coupling. In order to make 
illustration clear we present the numerical results for HERA and THERA || colliders with 
the CM energies \fS = 320 and 1000 GeV respectively. 



II. ANOMALOUS TOP DECAYS 

We consider the most general effective Lagrangian proposed in (generalized by the HI 
Collaboration to include u —> t transition |14j) to describe the anomalous top decays t — > 37 
and t — > qZ : 



^e// = i^rtcr^q' / K ytU UA tl + - — ^— — t[y^(vz,u ~ a z ,u1 5 ) + 17^9' 'kz^WZ** + h.c, 
u=u,c A 2cosV w A 

(1) 



where a^ u = (i/2)[7 At , 7"], 9w is the Weinberg angle, ejj is the electric charge of up-type 
quarks, and A denotes the scale up to which the effective theory is assumed to hold. By 
convention we set A = m t in the following. 

We find: 

2 

m 

T{t^ qi ) = aey qi m t {l--±Y (2) 



mi 
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where a is the fine structure constant, Mz is the mass of Z boson. Using the standard decay 
value r(t — ■> gPU) = 1.397 GeV and the experimental constrains [III 



BR(t -> g 7 ) < 3.2% CL 95 % 
Bi2(t -> <?Z) < 33% CL 95 % 

the upper limits on the couplings are easily obtained; 

K qy < 0.24 K qZ < 0.27 (4) 

In obtaining these values we assumed Im n q z = and since m q <C m t , we neglected the 
light quark masses. 

III. THE PRODUCTION OF SINGLE TOP QUARKS AT HERA AND THERA 

Differential production cross sections corresponding to the diagrams mediated by 7, Z 
and their interference term respectively are; 



da^ = ege 4 ^ 2s(s + t) 

di 8ns 2 i 1 mj 



[(23 + t)- v 2 ' - mi] (5) 



da z g z 



dt \2Sns 2 m 2 t {(t- M 2 Z ) 2 + Y 2 Z M 2 Z ] 

{(a 2 e + v 2 e )K 2 qZ [{2s + i)m\ - 2s(s + i) - m*]t 

+2K qZ m 2 [v q (a 2 e + vl)(t — m 2 ) - 2a e v e a q (2s + t — m 2 )]i (6) 
+ [(a 2 g + v 2 )(a 2 e + v 2 e )[2s 2 + 2si - (2s + i)m 2 + i 2 ] - 4a e u e a,v g (2s + i- m 2 )]m 2 } 

da int 9 2 z e e 2 K qi (i - Aff) 



167rs 2 m 2 [(t - M 2 ) 2 + T|M 2 ] 



{a e a,j(2s + t-m t )m t + v e [2s n qZ - (t - m t )(m t (v q + n qZ ) - 2sn qZ )]}- (7) 
The total cross section is obtained by the integral of the sum of these three : 

Otot = I fq{x)dx J -jrdt (8) 



m in 
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where t_ = — (s — mf),t + = t cut = —O.OOlGeV and x m i n = ml/ S. 
f q (x) is the quark distribution function inside the proton |12], [13]]: 

f u (x) = A u x in ~\l-xy 2 (l + e u ^+ lu x) 

f c (x) = ^N 5 x 2 [hl -x)(l + 10x + 4x 2 ) +2x(l +x)\nx}(n = 2) 

where A u = 0.8884, 771 = 0.4710, rj 2 = 3.404, e u = 1.628, 7„ = 9.628 and 7V 5 = 36. 

Figure If- || display the photonic and total cross-section due to up quark distribution as 
a function of the center of mass energy (from HERA to THERA energy), taking, k u1 = 0.3, 
0.2, 0.1 (solid lines) and k u z = k u1 = 0.3, 0.2, 0.1 (dashed lines) respectively. These 
values for the coupling constants were chosen for purposes of demonstration only. Since 
the contribution of the charm quark distribution to the production cross sections is much 
less than that of the up distribution, instead of displaying the corresponding figures, we 
tabulated the cross-section values in Table |- [HI} Table | is formed by considering only the 
photonic channel (k C7 = 0.1, 0.2 and 0.3). In forming Table and |TT1| we considered both 
of the couplings k C7 and k c z with the values as indicated and therefore tabulated the total 
cross section values at HERA and THERA colliders respectively. 

IV. CONCLUSIONS 

In most of the single top searches the dominant contribution to the production is ex- 
pected from the anomalous coupling n qi only. However the contribution due to n q z becomes 
important for the production with more stringent bounds on these couplings. From Figure 
|lj- H it is clear that contribution of the anomalous production vertex t — q — Z is negligible 
only at HERA energies for k u v = 0.3 (here V refers to 7 and Z ). On the other hand the 
contribution of this vertex is increased in two ways; one is by increasing the center of mass 
energy and the other is as the couplings take more stringent values. Figure |3| shows that 
if they take the same value of 0.1, the production is dominated by the anomalous vertex 
t — q — Z at THERA energies. 
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TABLE I: Single top production cross section in pb due to charm quark distribution mediated by 
photon 
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TABLE II: The total single top production cross section in pb due to charm quark distribution at 
HERA 
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TABLE III: The total single top production cross section in pb due to charm quark distribution 
at THERA 
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FIG. 1: Photonic (solid line) and total (dashed line) production cross section for the FCNC single 
top quark as a function of center of mass energy with k U7 = 0.3 and K n7 = k u z = 0.3 respectively. 
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FIG. 2: Photonic (solid line) and total (dashed line) production cross section for the FCNC single 
top quark as a function of center of mass energy with k u1 = 0.2 and K n7 = k u z = 0.2 respectively. 
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FIG. 3: Photonic (solid line) and total (dashed line) production cross section for the FCNC single 
top quark as a function of center of mass energy with k U7 = 0.1 and K n7 = k u z = 0.1 respectively. 
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